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Objective: This approach provides the basis of our research pro-
gram, which aims to expand operative assessment beyond patient
factors and the technical skills of the surgeon; to extend assessment
of surgical skills beyond bench models to the operating theater; to
provide a basis for assessing interventions; and to provide a deeper
understanding of surgical outcomes.

Summary Background Data: Research into surgical outcomes has
primarily focused on the role of patient pathophysiological risk
factors and on the skills of the individual surgeon. However, this
approach neglects a wide range of factors that have been found to be
of important in achieving safe, high-quality performance in other
high-risk environments. The outcome of surgery is also dependent
on the quality of care received throughout the patient’s stay in
hospital and the performance of a considerable number of health
professionals, all of whom are influenced by the environment in
which they work.

Methods: Drawing on the wider literature on safety and quality in
healthcare, and recent papers on surgery, this article argues for a
much wider assessment of factors that may be relevant to surgical
outcome. In particular, we suggest the development of an “operation
profile” to capture all the salient features of a surgical operation,
including such factors as equipment design and use, communication,
team coordination, factors affecting individual performance, and the
working environment. Methods of assessing such factors are out-
lined, and ethical issues and other potential concerns are discussed.
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Research into surgical outcomes has primarily focused on
the role of patient pathophysiological risk factors, and on
the skills of the individual surgeon. The outcome of surgery
is, however, also dependent on the quality of care received
throughout the patient’s stay in hospital and the performance
of a considerable number of health professionals, all of whom
are influenced by the environment in which they work.
Drawing on the wider literature on safety and quality in
healthcare, and recent papers on surgery, this article argues
for a much wider assessment of factors that may be relevant
to surgical outcome. In particular we suggest the develop-
ment of an “operation profile” to capture all the salient
features of a surgical operation. The aims of this initiative
are: to expand operative assessment beyond patient factors
and the technical skills of the surgeon; to extend assessment
of surgical skills beyond bench models to the operating
theater; to provide a basis for assessing interventions and to
provide a deeper understanding of surgical outcomes

COMPLICATIONS AND ADVERSE EVENTS
IN SURGERY

There is certainly a need for a better understanding of
the factors that influence surgical outcome and outcomes in
healthcare generally. A number of studies around the world
suggest that approximately 10% of patients admitted to the
hospital suffer some kind of harm, about half of which is
preventable with current standards of treatment.' Although
the majority of these adverse events are minor, some lead to
serious injury or death. A significant percentage of these
adverse events are associated with a surgical procedure. For
instance, in the Utah Colorado Medical Practice Study,’ the
annual incidence rate of adverse events among hospitalized
patients who received an operation was 3.0%, of which half
were preventable. Technique-related complications, wound
infections, and postoperative bleeding produced nearly half
of all surgical adverse events.

In the United Kingdom, complication rates for some of
the major operations are 20—-25% with an acceptable mortal-
ity of 5-10%.> However at least 30—50% of major compli-
cations occurring in patients undergoing general surgical
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procedures are thought to be avoidable.* The wide variation
in surgical complication rates between different centers and
different surgeons would support this view. Many adverse
events classified as operative are, on closer examination,
found to be due to problems in ward management rather than
intraoperative care. For instance, Neale et al’ identified pre-
ventable pressure sores, chest infections, falls, poor care of
urethral catheters in their study of adverse events, together
with a variety of problems with the administration of drugs
and intravenous fluids. The failure to remove swabs, needles,
and instruments from a surgical site has for many years been
a major problem in all fields of surgery. A swab or any other
foreign body left in the body will result in considerable
morbidity and even mortality. The costs of retreatment,
additional surgical time, recovery, hospital stay, and subse-
quent litigation are considerable. Although there are strict
protocols in the use of swabs and instruments in surgery, the
process is exclusively human-led and involves a manual
count of swabs, needles, and instruments at various stages of
the procedure and a final count at the end. Despite this,
diligence there is considerable opportunity for error.

THE EXPLANATION OF SURGICAL OUTCOMES

The primary determinants of surgical outcomes are
generally held to be the patient’s condition and the skills and
performance of the individual surgeon. Some patient risk
factors for anesthesia and surgery are generic, applying to any
operation. Factors such as increased body mass index, ad-
vanced age, and the presence of comorbidity are associated
with poorer outcomes and a higher risk for a range of
complications.” Risk factors for specific operations are also
extensively studied, although it can be surprisingly difficult to
identify a set of factors that consistently appears in different
case series from different centers.®

The skills of the surgeon, and indeed of all members of
the operative team, are an obvious prerequisite for a good
outcome.’ Although it is clear that a certain level of skill is
essential, it is more difficult to relate degrees of technical skill
to outcomes. The introduction of laparoscopic cholecystec-
tomy in the early nineties was a good example of the impact
of technical skills on patient outcome. Although the overall
complication rates were reduced, the incidence of major
complication, such as bile duct injuries, significantly in-
creased. Technical skills are very rarely assessed during
actual operations whether for training or research
purposes.'®The primacy of technical skills is nevertheless the
underlying assumption and is implicit in the creation of
league tables or rankings of surgical performance.!' Once
outcomes (usually mortality) have been correctly adjusted for
patient risk factors, the remaining variance is presumed to be
explained by individual surgical skill (Fig. 1)

However, this view of the primacy of patient factors
and surgical skill neglects a wide range of factors that have
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FIGURE 1. Explaining surgical outcomes.

been found to be of important in achieving safe, high-quality
performance in other high-risk environments. These factors
include ergonomic factors, such as the quality of interface
design,'? team coordination and leadership,'? organizational
culture,"*and the quality of decision making.'> In safety-
critical industries, these are the focus of the discipline of
human factors, although we may anticipate a larger role for a
number of basic sciences, particularly psychology, as the
study of safety develops.

HUMAN FACTORS APPROACHES IN MEDICINE

Human factors is a discipline that spans engineering,
cognitive psychology, and ergonomics and emerged specifi-
cally in response to the safety concerns of other high-risk
industries. Although theoretically based, it has a resolutely
practical emphasis, always aiming to bridge the gap between
theory and application."® Human factors thinking is now
applied to healthcare in a variety of ways. Anesthetists have
made important advances in safety through systematic inci-
dent monitoring and analysis, attention to design and ergo-
nomic aspects of equipment, implementation of safety de-
vices (such as the pulse oximeter), and attention to fatigue
and cognitive overload.'” ! Joice, Hanna and Cuschieri*’
have used human reliability analysis within endoscopic pro-
cedures. Mistakes and their precursors have been investigated
in high hazard cardiac surgery?' and pharmacy.”> Human
factors and ergonomics are also applied to the design of
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medical equipment to ensure it is efficient, effective and
fail-safe.?

Reason’s organizational accident model, which inte-
grated much of the available human error theory and human
factors knowledge,?**> has been an influential general frame-
work in healthcare. The Reason model has been adapted
specifically for use in healthcare and a protocol produced to
guide the investigation and analysis of clinical incidents.?®*’
An important lesson of these analyses is that serious adverse
events and complications are often preceded by a chain of
individually unimportant errors and problems, in turn influ-
enced by a wide variety of contributory factors. This finding
points to the importance of direct monitoring of these minor
events in attempting to understand and prevent serious ad-
verse events.

A particularly influential and important model of error
in the medical environment has been developed by Helmreich
and colleagues at the University of Texas Human Factors
Project.”® While influenced by the broad organizational ap-
proach of Reason and others, Helmreich’s model has brought
a new depth of approach through combining conceptual
sophistication with hard-edged observational measures that
have been applied in both aviation and medicine. Helmreich’s
model aids the identification of errors committed, incorpo-
rates error management strategies, and considers the impact
of both immediate and systemic threats to patient safety.
Immediate threats include such factors as fatigue, communi-
cation or patient related factors, such as a difficult intubation,
while systemic threats concern organizational matters such as
shift patterns and staffing.

A SYSTEMS APPROACH TO SURGICAL SAFETY

An operating theater is an extraordinarily complex
system. The complexity is manifested not only in the patient
and their condition but also in the sophistication of instru-
mentation, the high volume of information that must be
processed, the nature of communication and team co-ordina-
tion, and the urgency and occasional uncertainty with which
decisions and interventions must be made. This complexity,
combined with heavy workloads, fatigue, and production
pressures, makes surgical care particularly vulnerable to ad-
verse events. Despite this vulnerability, most cases are per-
formed proficiently and safely, highlighting the resilience of
individuals and surgical teams to the potential adversity of the
setting. This suggests that in addition to studying errors, it is
crucial to also study the achievements of teams and how
threats to safety are successfully managed.

In a recent paper Calland et al*’ have argued for a
“systems approach to surgical safety,” pointing out that many
other high-risk environments (such as aviation) have made
effective use of systems approaches and studies of error in
complex environments. Such approaches suggest that it is
necessary to study all aspects of the system that comprises a
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surgical operation, including such issues as equipment design
and use, communication, team coordination, factors affecting
individual performance, and the working environment. A
number of important studies on error and adverse outcomes
have been conducted from a surgical perspective’®*° 32 but
few have systematically addressed the full range of poten-
tially important factors. Surgical adverse events may be due
to poor communication, bad operative technique, malfunc-
tioning or improperly used equipment, cognitive errors due to
stress or inattention, all compounded by resource and orga-
nizational problems. However, these factors have been poorly
studied in the field of surgery. Communication in the oper-
ating suite is often poor and may be implicated as a contrib-
utor to adverse outcomes.'>**** The effects of fatigue and
stress on performance have been well documented but not
taken seriously in healthcare®>¢. Taffinder et al*’ found that
sleep deprivation similar to that of being on a night on call for
surgical trainees increased the error rate by 20% and in-
creased the time taken by 14% in a simulated surgical task.
Noise in theater, which can reach 85 Db,*® can lead to
deterioration in the ability to communicate, increase stress
levels and affect complex motor skills.

Inexperience or lack of training also contributes to poor
surgical outcome. A Canadian study>® looked at variations in
outcome between patients with rectal cancer treated by spe-
cialist versus nonspecialist colorectal surgeons, and indepen-
dent of that, between results of surgeons with high versus low
volume work. The analysis showed that the risk of local
recurrence was increased and disease specific survival was
lower in patients treated both by surgeons not trained in
colorectal surgery and by surgeons performing less than 21
procedures during the study. Thus the best result was ob-
tained from the trained surgeon performing a higher volume
of work (10.4% recurrence, 67.3% survival) and the worst by
the untrained surgeon with low numbers (44.6% recurrence,
39.3% survival). Birkmeyer et al*® analyzed 14 types of
procedures and demonstrated mortality decreased as volume
increased with Begg et al*' demonstrating similar findings for
morbidity rates in radical prostatectomy.

Prospective observational studies have been used to
successfully understand the incidence and scope of adverse
events. Observers attended a variety of case conferences,
where adverse events were discussed and checklists were used to
categorize error causation.*” Detailed observational and retro-
spective analyses of surgical failures associated with the neona-
tal arterial switch operation, has been performed by de Le-
val>* These studies show that analytical observational
techniques can be successfully used to identify and analyze
surgical performance successes, deviations and failures.

THE OPERATION PROFILE
The implication of the preceding line of argument is
that if we want to fully understand and improve surgical
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performance and outcomes, we need to examine a much
wider range of factors than hitherto. The operation profile is
the term we have adopted to characterize the full range of
factors implicated in the surgical outcome in the perioperative
period.

The outcome of care is, broadly speaking, determined
by the structural aspects of the system (personnel, environ-
ment, infrastructure) and the process (the procedures carried
out the quality of care provided).**** In the case of surgery,
much of the infrastructure is relatively standardized, and will
not be a major focus. The Operation Profile focuses on
describing the process of perioperative care while acknowl-
edging that events both before and after the operation may
also play a major part. We first attempt to characterize the
major operative events and audit the procedures carried out.
In addition, following Reason®>*® and Vincent,**?’ we ex-
amine the major contributory factors to the quality and safety
of care (Table 1). The higher-level influences (institutional
context and organization and management) cannot be directly
assessed, but the remaining 5 levels are all of considerable
importance: patient factors, task factors, individual factors,
team functioning and working environment. All of these are
assessed to some degree in the Operation Profile (Table 2).

The patient factors are the standard clinical information
and risk factors. Basic operative procedures and processes are
audited to detect salient events and omissions, with key
operative events (such as blood loss) also recorded to sup-
plement clinical information and also to give an indication of
whether the conduct of the operation was routine. Finer
grained analyses are made of specific intraoperative commu-
nications, and of the technical elements of the operation.
Technical skills are assessed both by global ratings and
assessment of specific errors. In both surgery and other
high-risk domains, it is as yet unclear whether behavior of
any kind is best assessed on scales or as specific ‘behavioral
markers”®® so both approaches are included. At present we
are primarily focusing on surgical skills, though anesthetic
and nursing assessments should shortly be included. The
assessment of team performance in surgery is embryonic and
a major task for the future is to develop team performance
measures, which are both grounded in more general under-
standing of team dynamics, yet cognizant of the particular
features of the operative environment. Finally, we assess a
number of aspects of the immediate working environment,
which are known to affect task performance in other contexts
and so, potentially, in surgery.

In the present state of knowledge, we do not know
which factors are most critical to outcome, beyond patient
risk factors, basic levels of individual skill and the organiza-
tion of care. The factors that lead to very high quality
performance may differ from those that are required to
achieve an average level of performance. For instance, sur-
geons who routinely achieve good outcomes in even adverse
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TABLE 1. Framework of Factors Influencing Clinical Practice

Factor Types Influencing Contributory Factors

Institutional context Economic and regulatory context
National health service executive

Clinical negligence scheme for
trusts
Organizational and Financial resources and constraints
management factors Organizational structure
Policy standards and goals
Safety culture and priorities
Work environment factors Staffing levels and skills mix
Workload and shift patterns
Design, availability, and
maintenance of equipment

Administrative and managerial
support
Team factors Verbal communication
Written communication
Supervision and seeking help

Team structure (consistency,
leadership, etc)

Knowledge and skills
Competence

Individual (staff) factors

Physical and mental health
Task factors Task design and clarity of structure
Availability and use of protocols

Availability and accuracy of test
results

Condition (complexity and
seriousness)

Patient factors

Language and communication
Personality and social factors

From Vincent, Taylor-Adams and Stanhope.?*

circumstances may be distinguished more by their preopera-
tive and intraoperative clinical judgment than their technical
skills. We suggest that, given this uncertainly, the initial
measurement instruments should be broad in their focus. In
time, in the course of research, we should be able to narrow
our attention to a smaller number of key variables.

DATA CAPTURE METHODS

In the current practice of surgery the only data that are
routinely collected for the record of an operation are the
dictated, transcribed, subjective, post hoc report and pathol-
ogy specimen.?’ However, it is now entirely feasible, through
use of video and audio, to record the actions and movements
of the surgical team. Ideally, the full operative sequence
should be captured: preoperative care and consent, anesthe-
sia, intraoperative care, handover, and ward care. Data col-
lection for the operation profile will require a range of
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TABLE 2. Principal Features of the Operation Profile

Patient factors
Principal complaint
Comorbidities
ASA, BMI, age, and other relevant clinical information
The surgical team
Personnel
Experience of previous work together
Familiarity with procedure
Fatigue, sleep loss, stress, etc
Processes and procedures
Adequacy of notes and management plan
Consent and preparation
Anaesthetic procedures
Key operative events
Blood loss
Minor and major complications
Error compensation and recovery
Flow of information following patient
Adequacy of notes and consent
Specific intraoperative communications
Handover
Technical skills
Ratings of good general surgical practice
Ratings of operation specific steps
Identification of specific technical errors
Team performance and leadership
Leadership
Coordination between team members
Willingness to seek advice and help
Responsiveness and flexibility
Decision-making and situation awareness
Patient limitations
Operation limitations
Surgeon’s limitations
Team limitations
The operative environment
Availability and adequacy of equipment
Availability of notes, records
Noise and lighting
Distractions
Interruptions
Phone calls, messages, outside theater events, etc

methods will be used, including video and audio recording,
the use of participant observers, and brief postoperative
questionnaires and interviews. Although operations obvi-
ously vary in duration, personnel, and technical aspects, it
should be possible to apply a broadly similar methodology
across different types of operations. This will enable poten-
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tially interesting comparisons of different case series. For
instance, do communications patterns differ between routine,
low risk operations and major surgery?

Different techniques will be applicable at different
stages. During the operation, video and audio recording are
the primary methods, providing DVD recordings for later
review and analysis. However, this will need to be supple-
mented with the observations of research staff within theater,
as a check on the validity of review of video recordings and
to ascertain whether there are important features of the
environment (eg, interruptions from other staff) that are not
picked up by recordings of the operation. Handovers and
other key points in the sequence can be observed and re-
corded using checklists of information. The role of postop-
erative interviews and reports from members of the surgical
team remains to be explored. Clearly, verbal reports must
form a major component of any investigation of decision-
making or reaction to operative events and crises. However,
de Leval and colleagues were surprised to discover that a
questionnaire assessing aspects of team performance and the
operative environment appeared not to be useful when com-
pleted postoperatively by members of the surgical team.
Reports by a human factors researcher proved a much more
important resource and a better predictor of surgical out-
comes.> It may be that absorption in the task of a difficult
operation precludes a subsequent assessment of team perfor-
mance. A surgeon may experience good or bad team perfor-
mance, but may later find if difficult to remember and rate
specific events with any precision.

Technological Innovations

A small number of surgical centers around the world
now have the facility to routinely record operations, both
during routine clinical procedures and during training and
research exercises in simulators. The introduction of video-
endoscopic surgery now allows video documentation of the
operative procedure mainly for educational and training pur-
poses. More recently technologies such as head mounted
cameras have been used to record the operative field, eye
movements can be tracked and hand motion analysis during
operations may soon be possible. At Imperial College we
have developed the Clinical Data Recorder, which uses 8
camera and 4 microphones. This provides:

* Visual and Audio recording of (1) the complete operative
procedure and environment and (2) movements and com-
munications within the theater

* Linked, real-time recording of physiological outputs, ther-
apeutic equipment settings and performance. Personnel
identification and motion tracking

The Clinical Data Recorder is paralleled by a simulated
operating theater with exactly the same range of visual and
auditory recording capability. A variety of high fidelity im-
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aging technologies has been developed for training purposes.
The full operating theater simulation allows the entire surgi-
cal team to train in specific skills and crisis management
without risk to patients.

We therefore have the ability to record the complete
operation sequence, providing objective data in the assess-
ment of the performance of surgical teams and the monitoring
of communication. In addition analysis of such information is
growing in sophistication with the development of bespoke
software by the University of Virginia. Guerlain et al’s RASE
system (Remote Analysis of the Surgical Environment)*’
allows real time coding of specific communications and
interactions, and will in time evolve to code and capture a
wider range of operative events and communications.

ETHICAL ISSUES AND PERSONAL CONCERNS
Although the observation of surgical teams and the
associated technological innovations offer enormous poten-
tial for the understanding and improvement of the quality and
safety of surgery, a number of ethical questions must be
addressed.

Blame and Disciplinary Action

Fears will naturally be expressed by members of sur-
gical teams that cameras and observation may be used for
“surveillance,” checking up and possibly as a basis for dis-
ciplinary action. This is an important issue and there is a
balance to be struck between the benefits of observation and
unwarranted interference or personal intrusion. We have
found it helpful to first point out that many parts of a hospital,
for instance Accident and Emergency, are already observed
by security cameras, as indeed are banks, supermarkets, and
city streets. Many operating theaters already have a video link
for teaching purposes. We have also stressed that cameras
will only be used during operations and it will be clear when
they are in use. Most importantly, it is necessary to emphasize
that the purpose of such observations is not to study individ-
uals, but processes, procedures and team performance gener-
ally. The aim is to observe common patterns over a series of
operations, not to examine individual deficiencies.

Fear of Promoting Litigation

Fears are also sometimes expressed that cameras will
encourage litigation. This is sometimes due to a misunder-
standing, as some staff members believe that a patient can
bring an action without the need of expert surgical opinion to
back up their claims. However recordings, like all other
medical records, are potentially open to scrutiny, even though
we ensure that recordings that are made are anonymous,
which makes them inaccessible within a short time. However
it is perhaps more important to consider the use to which a
recording might be put. Many legal actions are prolonged
because of lack of good information and a recording might
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well be of great help in determining what actually did occur.
Current risk management practice and patient safety initia-
tives are now encouraging openness and resolution of genu-
ine grievances'’ and in these circumstances a recording
would assist such rapid resolution. Conversely, if there has
been no negligence, a recording will act to protect staff
against unwarranted accusations and help to resolve misun-
derstandings. In the longer-term research aimed at enhancing
safety and reducing adverse events should of course lead to a
reduction in claims and complaints.

EVALUATION OF INTERVENTIONS AND LINKS
TO OUTCOME

The focus of this work has been to delineate the nature
and range of the many factors potentially relevant to surgical
outcome and to outline an approach to measurement of these
various factors. Reliable and valid measurement, while es-
sential, is not an end in itself but a foundation for a number
of longer-term goals.

Expanding Our Understanding of the
Determinants of Surgical Outcome

Descriptive data on adherence to procedures and pro-
tocols, assessment of technical skills and team performance
will be immediately informative. Obvious problems and
weaknesses in systems can be addressed, whether they are
equipment malfunctions, a tightening of procedures or re-
hearsal of particular skills. In the longer term, the operation
profile should provide a more sophisticated understanding of
the determinants of outcome than that currently available.
Clearly patient factors are the most important determinant,
and the fundamental component of any regression analyses
that seek to determine the influence of different components.
Understanding these more subtle influences of, say, team
performance is likely to firstly require a subtler outcome
measure than mortality. In high-risk cardiovascular surgery,
de Leval et al*? made effective use of a defined category of
“near miss” to broaden assessment of outcome beyond mor-
tality. In more routine operations, where complications are
rare, factors such as team performance may have to be linked
to process measures such as duration of operation or conceiv-
ably physiological indices reflecting short term outcome for
the patient, and acting as “surrogate” markers of longer-term
outcome.

Evaluation of Interventions to Enhance Safety
and Quality

The operation profile will provide an immense amount
of information, but for some purposes this will need to be
aggregated to produce broader indices of performance. An
analogy might be made between the study of a surgical team
and assessment of personality. In modern personality theory,
the many facets of a person are reflected in 5 core dimensions
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of personality.**We might similarly hope to produce dimen-
sions on which operations could be assessed—technical skills,
communication, team performance and so on. A great advan-
tage of such a system, assuming it was based on a reliable and
valid scoring system, is that interventions could be assessed
for their immediate effect without necessarily being directly
linked to outcome measures. An illustrative example is given
in Figure 2, with pre- and postinterventions measures. In the
first panel improvements in the operative environment are
reflected in an increase in technical performance, and a
reduction in technical errors, but no effect elsewhere. In the
second panel, a preoperative briefing brings better communi-
cation and team performance without having any direct effect
on technical skills.

Education and Training

A measurement technology developed in the operative
environment would have clear face validity when used in
training or research in a simulated environment. Simulator
based training could in addition be targeted directly at known
problems observed during operations, which would give it
added power and validity. Crew resource management train-
ing now in its sixth generation of successive refinement has,
after some loss of focus in the earlier years, acquired a more
powerful and sharper focus on the management of specific
threats and errors in the cockpit environment.*’ Similarly

Technical Errors Commn Team

Improving the Surgical Environment

257

20

15

10

Technical Errors Commn Team

Introducing a Pre-Operative Briefing
FIGURE 2. Evaluating interventions.
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simulator training, in both anesthetics and surgery, is likely to
achieve greater acceptance and be better focused if it is
grounded in the observational data from actual operations
rather than a more general attempt to enhance team perfor-
mance. Some of these technologies will also add objectivity
to the quality of training acquired and possible assessment of
trainees through their surgical training ladder.

CONCLUSION

The direct observation and assessment of surgical
teams will, we believe, greatly enhance our understanding of
the key determinants of high performance in surgery and
good clinical outcomes. Patient risk factors and surgical,
anesthetic and nursing skill will always be fundamental, but
more subtle factors may be of particular importance when
aiming for very high levels of performance. To put it crudely
good surgical skills coupled with basic team performance and
basic equipment may enable a surgeon to achieve a 90%
success rate in a high-risk operation. However refinements in
surgical skill may be a relatively small element in the drive to
reduce mortality from 10% to 1%. Optimizing the surgical
environment, attention to ergonomics and equipment design,
understanding the subtleties of decision making in a dynamic
environment, enhancing communication and team perfor-
mance may be more important than skill when is reaching for
truly high performance. Poor team performance and inade-
quate equipment can cause anger and have a detrimental
effect on performance. Conversely, an excellent team and a
supportive environment will enable the surgeon to “raise his
or her game” with a considerable benefit to the patient. Looking
to the future, and the wider issues of patient safety, we believe
that an open and comprehensive examination of the performance
of surgical teams will be a powerful stimulus to safety culture
and improvements in the wider healthcare system.

REFERENCES

1. Thomas EJ, Brennan T. Errors and adverse events in medicine: an
overview. In: Vincent CA, ed. Clinical Risk Management. Enhancing
Patient Safety. London: BMJ Publications; 2001:31-44.

2. Vincent C, Neale G, Woloshynowych M. Adverse events in British hospi-
tals: preliminary retrospective record review. BMJ. 2001;322:517-519.

3. Gordon NLM, Dawson AA, Bennet B, et al. Outcome in colorectal
adenocarcinoma: two seven year studies of a population. BMJ. 1993;
307:707-710.

4. Healey MA, Shackford SR, Osler TM, et al. Complications in surgical
patients. Arch Surg. 2002;137:611-618.

5. Neale G, Woloshynowych M, Vincent CA. Exploring the causes of
adverse events in NHS hospital practice. J R Soc Med. 2001;94:322-330.

6. Gawande A, Studdert DM, Orav EJ, et al. Risk factors for retained
instruments and sponges after surgery. N Engl J Med. 2003;348:229-235.

7. Copeland GP, Jones D, Walters M. POSSUM: a scoring system for
surgical audit. Br J Surg. 1991;78:355-360.

8. Amodeo A, Galletti L, Marianeschi S, et al. Extracardiac Fontan oper-
ation for complex cardiac anomalies: seven years experience. J Thorac
Cardiovasc Surg. 1997;114:1020—1031.

9. Carter D. The surgeon as a risk factor. BMJ. 2003;326:832—833.

10. Darzi A, Datta V, Mackay S. The challenge of objective assessment of
surgical skill. Am J Surg. 2001;181:484—486.

481

Unauthorized reproduction of this article is prohibited.



Vincent et al

Annals of Surgery ® Volume 239, Number 4, April 2004

1.

12.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Dr Fosters Ltd. Available at: www.drfoster.co.uk. Accessed February 4,
2003.

Rajan J. Interface design for safety critical systems. In: Redmill R, Rajan
J, eds. Human Factors in Safety-Critical Systems. Oxford: Butterworth
Heinemann; 1997:142-168.

. Helmreich RL, Schaefer H. Team performance in the operating room. In:

Bogner MS, ed. Human Error in Medicine. Hillsdale, NJ: Lawrence
Erlbaum; 1994.

. Westrum R. Social factors in safety-critical systems. In: Redmill R,

Rajan J, eds. Human Factors in Safety Critical Systems. Oxford: But-
terworth-Heinemann, 1997:233-256.

. Flin R, Salas E, Strub M, Martin L. Decision Making Under Stress.

Aldershot: Ashgate, 1997.

. Handbook of Human Factors. New York: Wiley; 1997.
. Cooper JB, Newbower RS, Kitz RJ. An analysis of major errors and

equipment failures in anesthesia management: considerations for pre-
vention and detection. Anesthesiology. 1984;60:34—42.

. Cooper JB. Towards patient safety in anaesthesia. Ann Acad Med.

1994;23:552-557.

. Gaba DM, Maxwell M, DeAnda A. Anesthetic mishaps: breaking the

chain of accident evolution. Anesthesiology. 1987;66:670—676.

Joice P, Hanna GB, Cuschieri A. Errors enacted during endoscopic
surgery. Appl Ergon. 1998;29:409—414.

Carthey J, de Leval MR, Reason JT. The human factor in cardiac
surgery: errors and near misses in a high technology medical domain.
Ann Thoracic Surg. 2001;72:300-305.

Dean B, Schachter M, Vincent CA, et al. Causes of prescribing errors in
hospital inpatients: a prospective study. Lancet. 2002;359:1373-1378.
Gosbee J. The role of human factors engineering in medical device and
medical system errors. In: Vincent CA, ed. Clinical Risk Management.
Enhancing Patient Safety. London: BMJ Publications, 2001:301-318.
Reason JT. Human Error. New York: Cambridge University Press;
1990.

Reason JT. Managing the Risks of Organisational Accidents. Aldershot:
Ashgate, 1997.

Vincent C, Taylor-Adams S, Stanhope N. Framework for analysing risk
and safety in clinical medicine. BMJ. 1998;316:1154-1157.

Vincent C, Taylor-Adams S, Chapman EJ, et al. How to investigate and
analyse clinical incidents: clinical risk unit and association of litigation
and risk management protocol. BMJ. 2000;320:777-781.

Helmreich RL. On error management: lessons from aviation. BMJ.
2000;320:781-785.

Calland JF, Guerlain S, Adams RB, et al. A systems approach to surgical
safety. Surg Endosc. 2002;1005-1014.

482

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.
49.

Gawande A, Thomas EJ, Zinner MJ, et al. The incidence and nature of
surgical adverse events in Utah and Colorado in 1992. Surgery. 1999;
126:66-75.

Callum KG, Carr NJ, Gray AJG, et al. Functioning as a Team. The 2002
Report of the National Confidential Enquiry into Perioperative Deaths.
London: Royal College of Surgeons; 2002.

de Leval M, Carthey J, Wright DJ, et al. Human factors and cardiac
surgery: a multicenter study. J Thoracic Cardiovasc Surg. 2000;119:
661-672.

Runciman WB, Sellen A, Webb RK, et al. Errors, incidents and accidents in
anaesthetic practice. Anaesthesia Intensive Care. 1993;21:506—518.
Sexton JB, Thomas EJ, Helmreich RL. Error, stress and teamwork in
medicine and aviation: cross sectional surveys. BM.J. 2000;320:745-749.
Smith L. Working time, stress and fatigue. In: Vincent CA, ed. Clinical Risk
Management. Enhancing Patient Safety, London: BMJ Publications; 2001.
Weinger MB. Ancoli-Israel S. Sleep deprivation and clinical perfor-
mance. JAMA. 2002;287:955.

Taffinder NJ, McManus IC, Gul Y, et al. Effect of sleep deprivation on
surgeons’ dexterity on laparoscopy simulator. Lancet 1999;352.

Hodge B, Thompson JE. Noise pollution in the operating theatre. Lancet.
1990;335:891-894.

Porter GA, Soskolne CLN, Tajunets WW, et al. Surgeon-related factors
and outcome in rectal cancer. Ann Surg. 1998;227:157-167.
Birkmeyer JD, Siewers AE, Finlayson EV, et al. Hospital volume and
surgical mortality in the United States. N Eng J Med. 2002;346:1128—1137.
Begg CB, Riedel ER, Bach PB, et al. Variations in morbidity after
radical prostatectomy. N Eng J Med. 2002;346:1138-1144.

Andrews LB, Stocking C, Krizek T, et al. An alternative strategy for
studying adverse events in medical care. Lancet. 1997;349:309-313.
de Leval MR, Francois K, Bull C, et al. Analysis of a cluster of surgical
failures. J Thorac Cardiovasc Surg. 1994;107:914-924.

Donabedian A. Promoting quality through evaluating the process of
patient care. Med Care. 1968;6:181-201.

Davies JM. From Dryden to Winnipe—and All Points Beyond. 1994. In:
Hayward B, Knowlton, eds. UK: Avebury Aviation Publishers; 1995.
Reason JT. Understanding adverse events: human factors. In: Vincent CA,
ed. Clinical Risk Management. London: BMJ Publications, 1995:31-54.
Kraman SS. Hamm G. Risk management: extreme honesty may be the
best policy. Ann Intern Med. 2002;131:963-967.

Pervin LA. The Science of Personality. New York: Wiley; 1996.
Helmreich RL, Merrit AC. Culture at Work in Aviation and Medicine:
National, Organisational and Professional Influences. Aldershot: Ash-
gate, 1998.

© 2004 Lippincott Williams & Wilkins

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



